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A B S T R A C T  
This paper describes a simple protocol of paraffin-embedded histological section for fish eggs, embryo and larvae of the hard-lipped barb 
and the giant gourami. The specimens were fixed in Bouin solution, washed in 70% ethanol, then were dehydrated in a series of ethanol 
solution of increasing concentration until absolute ethanol was reached. The specimens were cleared in graded xylene and were 
infiltrated with liquid paraffin then were embedded in pure paraffin. Upon sectioning, at 4–5 µm thick the specimens were attached to the 
gelatin-coated glass slide and let to dry at room temperature or 37°C overnight. The specimens were deparaffinized in xylene, rehydrated 
then were stained with hematoxylin and eosin. After being dehydrated in graded ethanol, the specimens were cleared in xylene and were 
mounted with an organic mounting agent. Any step in preparing histological section including samples collection, fixation, dehydration, 
infiltration and embedding might contribute to the quality of histological features. A proper knowledge of the tissues beeing processed, 
fixative solution and the histological techniques is essential to gain good results. Bouin fixative is preferable to fix fish larvae and produce 
a good histological feature. Decalcification is necessary to produce a good histological section on the specimens containing bone. 
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I N T R O D U C T I O N   
The most routinely employed techniques of 
histological preparation is the paraffin embedded 
sections. Since it first publication by Professor Edwin 
Klebs in early 1860s (Sanderson et al., 2013), paraffin 
embedded sections had served as an important tool in 
the field of biomedical (Grave, 2007; Treuting et al., 
2012) as well as developmental biology (e.g. Balogh 
and Sótonyi, 2003; Habashy et al., 2012; Mathew and 
Appel, 2016). Using histological examination scientists 
can detect a stable condition or early sign of diseases 
not easily recognized by a morphological examination. 
The paraffin-embedded section in combination with 
immunoreaction has developed into a powerful 
technique to study tissue lineage and fate map, the 
immunohistochemistry.  
The paraffin-embedded technique has been widely 
used in fish research to study general structure of 
various organs as well as their pathological 
examination (Takashima and Hibiya, 1985; Palikova et 
al., 2004). Protocols for processing various fish organs 
are readily available for example eyes (Nuckel and 
Gross, 2007), gills, liver, kidney (Carmago and 
Martinez, 2007) and gonad (Wijayanti et al., 2009). 
However, paraffin embedded protocol for egg, 
embryo, and larvae are less. One of the most 
comprehensive protocols for fish larvae was 
developed by Sabaliaukas et al. (2006) enabling to 
process a large number of zebrafish larvae at the same 
time. This protocol, however, needs more 
sophisticated equipment such as acrylic mold and 
automated-closed reagent type tissue processor 
which is not always available in other laboratories. 
Each laboratory has developed their unique 
protocols suitable for the specimen studied. The 
variation in processing tissues for paraffin embedded 
section might involve the use of different fixative, de-
hydrant, clearing agent and staining solution (e.g. 
Matsuda et al., 2011). It also varied in time allocation 
of each step according to the specimen size and tissue 
texture (Wijayanti, 2003). Inappropriate selection of 
fixative and staining might result in an artifact leading 
to incorrect interpretations; it might also lead to the 
unnecessary repetition of the procedure. Therefore, it 
is worthy to share a working protocol to avoid loose 
of valuable material, time and money. This paper 
discusses a simple method of a paraffin-embedded 
technique for fish egg, embryo, and larvae. 
M E T H O D S  
Materials. The hard lipped barb (Osteochilus vittatus L.) 
embryos (ranging from 2 cell stage to pre-hatching stage) 
and larvae (1 to 7-days post-hatching = dph), the giant 
gourami (Osphronemous gourami Lac) egg and larvae, and 
the Paraplast pastilles (melting point 56–58°C). 
Solution. A 4% Paraformaldehyde (PFA) in Phosphate-
Buffered Saline (PBS), Bouin solution, ethanol, xylene, 
Harris hematoxylin, aqueous eosin (0.5%), Scott water, 
mounting medium (Enthelan New, Merk HX308279), 1% 
aqueous gelatine and distilled water.  
Equipment. Tweezers, transfer pipettes, specimen 
bottles, frosted microscope slide, coverslips (24 x 24 mm, 
Assistant), tissue processing jars, staining jars, paraffin 
mold, specimen holders, rotary microtome, water bath, 
disposable microtome blades, 60°C incubation oven, slide 
rack and water bath. 
Specimen collection. The hard-lipped barb embryos and 
larvae were prepared by assisted fertilization of oocytes and 
sperm obtained from induced spawning. The giant gourami 
eggs were aspirated by cannulation, and the larvae were 
obtained from natural spawning. The embryos were 
removed from the incubation container using a wide-mouth 
transfer pipette and placed into specimen bottle containing 
a fixative solution. The larvae were anesthetized by placing 
them in cold water (± 4°C), once the larvae were immobile, 
they were removed and placed into specimen bottle 
containing a fixative solution.The specimen properly were 
coded according to their species and stage of development. 
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Fixation. The embryos were fixed in Bouin solution for 2 
hours then were moved to 70% ethanol. The larvae less than 
10 dph were fixed in 4% PFA in PBS for 24 hours in a 
refrigerator, rinsed three times in PBS then kept in 70% 
ethanol. The larvae older than 10dph were fixed in Bouin 
solution for 2–7 days (according to the size of the larvae), 
rinse in 70% ethanol then were rehydrated in 50% ethanol, 
30% ethanol then distilled water for 30 minutes each.The 
specimen were put into 5% trichloroacetic acid for 24 hours 
(10–20 dph) or 36 hours (for 30–60 dph) to decalcify the 
bone. The specimen were rinsed in distilled water three 
times then were re-hydrated in an increasing ethanol series 
starting from 30% ethanol. Following fixation, the larvae 
with total length more than 20mm were transversally cut 
into half for embedding purposes. 
Dehydration. This process was carried out by immersing 
specimens in a series of ethanol solutions of increasing 
concentration until absolute ethanol was reached. The 
series of increasing concentrations was used to avoid 
excessive distortion of the tissue. The dehydration sequence 
for the embryos was:  
1. 70% ethanol   30 minutes 
2. 80% ethanol  30 minutes 
3. 90% ethanol  30 minutes 
4. 100% ethanol  30 minutes 
5. 100% ethanol  30 minutes  
A 10 minutes was added for each step to process larvae. 
Clearing. This step was conducted to displace the 
ethanol in the tissue using an intermediate solvent that is 
entirely miscible with ethanol and paraffin. In this study, 
xylene was used as a solvent. The xylene will, in turn, be 
displaced by the liquefied paraffin during the infiltration 
step.The clearing process will also remove a substantial 
amount of fat from the tissue which otherwise presents a 
barrier to paraffin infiltration. The clearing sequence for the 
embryos was: 
1. Ethanol : xylene (3 : 1 v/v)  20 minutes 
2. Ethanol : xylene (1 : 1 v/v)  20 minutes  
3. Ethanol : xylene (1 : 3 v/v)  20 minutes 
4. Xylene    30 minutes  
5. Xylene    30 minutes 
A 10 minutes was added for each step to process larvae. 
Paraffin infiltration. This step was conducted to displace 
the xylene with paraffin completely. The process was 
carried out in an oven incubator at a temperature of 60°C to 
prevent the paraffin from solidifying. The infiltration 
sequence for embryo was: 
1. Xylene : paraffin (3 : 1 v/v) 20 minutes 
2. Xylene : paraffin (1 : 1 v/v) 20 minutes 
3. Xylene : paraffin (1 : 3 v/v) 20 minutes 
4. Paraffin   40 minutes 
5. Paraffin   40 minutes 
A 10–20 minutes was added for each step to process larvae. 
Embedding. This step was carried out using a mold 
made of thick paper or stainless steel. The mold was filled 
with liquefied paraffin, and the specimen was placed into it. 
The specimen was carefully orientated in the mold 
according to intended plane of section. A cassette has been 
put on top of the mold and was topped up with more 
paraffin then let the paraffin to solidify at room temperature 
or on a cold plate. In case the cassette is not available, it can 
be replaced by a holder made of wood. The cassettes or the 
specimen holders were labeled according to the sample's 
code. 
Microscope Slides Coating. This step was conducted to 
provide a media allowing the tissue in the paraffin ribbon to 
attach properly onto the microscope slide. Microscope slide 
coating is crucial to avoid tissue loss during the staining 
process. 1% gelatine solution was prepared by sprinkling 10 
g of gelatin powder on the surface of 1 L of boiling distilled 
water. Let the gelatin to dissolve by itself since steering the 
solution will lead to foam or bubble formation result in a 
bad quality of the coating. The blank new microscope slides 
were placed onto the slide rack, deep into the gelatine 
solution for three times, drained on the tissue paper then 
were put into an oven incubator at 40°C overnight. The 
coated slides were ready to used and can be stored for 
months in a dry place. 
Sectioning and Affixing. The paraffin blocks containing 
specimen were trim to reduced access of paraffin, the 
distance between the edge of the tissue and the edge of 
paraffin was approximately 5 mm. The blocks were then 
clamped into the microtome for sectioning. The specimens 
were cut at 4–5 µm thick to provide good histological detail 
and reduce overlap between cells in a section. The paraffin 
ribbons were put into 5% ethanol solution then into 
lukewarm water (preferably using a water bath) to let the 
ribbon containing the tissue sections to expand. The ribbons 
were then scooped onto the coated microscope slides and 
let them dry at room temperature or in an oven incubator at 
37°C overnight. 
Staining. The sections were deparaffinized by immersing 
them into xylene for 2 minutes twice, followed by 
rehydration in a series of decreasing ethanol. After rinsing 
the slide in distilled water, the sections were dipped into 
hematoxylin solution for 2 minutes followed by rinsing in 
running tap water for 2 minutes. The sections were 
counterstained with eosin for 1 minute followed by rinsing 
in running tap water then were dehydrated in a series of 
increasing ethanol, cleared in xylene solution and were 
mounted with enthelan new. The staining sequence was: 
1. Xylene 2 x 2 minutes with agitation 
2. Absolute ethanol  2 x 30 dips 
3. 90% ethanol 30 dips  
4. 80% ethanol 30 dips 
5. 70% ethanol 30 dips 
6. Distilled water 30 dips 
7. Mayer Hematoxylin 2 minutes 
8. Running tap water 1 minute 
9. Scott’s water 5–8 second 
10. Running tap water 1 minute 
11. Eosin  30–60 seconds 
12. Running tap water 1 minute 
13. Distilled water 30 dips 
14. 70% ethanol 30 dips 
15. 80% ethanol 30 dips 
16. 90 ethanol 30 dips 
17. Absolut ethanol 2 x 30 dips 
18. Xylene  2 x 30 dips 
The microscope slides were drained then 2–3 drops of 
Enthelan were placed over the sections. The coverslips were 
then put slowly on one side of the Enthelan droplet to avoid 
entrapping air bubbles.  
R E S U L T S  A N D  D I S C U S S I O N  
The protocol described in this paper works well and 
produces consistent results. Some of the results were 
presented in Figure 1. Each step in preparing 
histological section including tissue collection, 
fixation, dehydration, clearing, infiltration and 
embedding might contribute to the quality of 
histological features.
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Figure 1. Cross section of giant gourami egg (A), hard-lipped barb embryo at late gastrula (B), and head-tail (C) stages.  
Giant gourami larvae of 5 dph (D), 20 dph (E) and 60 dph (F). dm: dorsal muscle, dnt: developing neural tube, fde: future 
dorsal side of the embryo, i: intestine, k: kidney, l: liver, N: notochord, sb: swim bladder, Y: yolk, single black arrow: chorion, 
double white arrow: yolk sac. Bars represent: 400 µm in A, 200 µm in B–C, 650 µm in D and 2 mm in E–F 
Tissue freshness is very crucial for good histological 
results; therefore the embryos and larvae were fixed 
straight away after removal. The maximum delay 
between sample collection and fixation was varied 
according to the type of the tissue. Embryonic tissues 
are more fragile than the more developed tissues; 
therefore the tissues must be fixed as soon as they 
were collected (Pinchbeck et al., 2001). Maximum 
delay between availability of the dead animal and 
fixation was 15–20 minutes for delicate embryonic 
tissues (Pinchbeck et al., 2001) and 45–50 minutes for 
adult tissues (Mayer et al. 2003).  
The purpose of ﬁxation was to prevent autolysis 
and distortion of the tissue structure. Proper ﬁxation 
is critical to preserving cells and tissue structure as 
close as possible to their in vivo condition.Fixation 
results could be influenced by several factors such as 
sample size, fixative solution, and temperature. Mayer 
and Hornicle (2010) recommended that the sample 
size should have maximum area of 5 x 10 mm and 
thickness of 5 mm, to let the fixative medium 
penetrate rapidly into the tissue and ensure proper 
fixation quality. A bigger size of tissue can be fixed 
intact as far as the ratio of tissue or sample to fixative 
volume is sufficient. The recommended optimum ratio 
between tissue and fixative volume is 1 : 10 to 1 : 20 
(Kang et al., 2003; Knoblaugh et al., 2012). Most 
laboratories apply a standard ratio of tissue to the 
fixative volume of 1:10 (Hewitt et al., 2008). A lower 
volume of fixative can be used as far as frequent 
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changes of the fixative are carried out to prevent 
exhaustion (National Diagnostics 2011). In our study, 
the ratio of tissue to fixative volume was 1 : 20. 
Fish of different developmental stages need 
different handling. Early embryonic stages, from 
cleavage to late gastrula, are very susceptible to 
damage (Wijayanti et al., 2010). Fish larvae, 
particularly in the stage of yolk absorption and fin 
formation, are fragile. Therefore they needed a fast 
penetrating fixative solution to prevent them from 
damage. The fish larvae fixed in Bouin solution 
showed better histological features than those fixed in 
Formaldehyde (data not shown). This feature might 
be due to the advantage of Bouin. Bouinpenetrate into 
the tissue more rapidly and evenly. It is also less 
damaging to the conformation of proteins than 
formaldehyde alone (James & Tas, 1984). Thus Bouin 
maintains fine tissue structure and prevents tissue 
shrinkage during the fixation step (James & Tas, 
1984). Also, Bouin solution is relatively independent 
of temperature influence and can be performed at 
room temperature (Pearse, 1985). The yellow 
appearance of Bouin is also beneficial for embryo 
fixation. The size of hard-lipped barb embryos was 
approximately 1 mm; their size became smaller after 
clearing step; in such condition, the yellow color of 
Bouin provide a great help in orienting embryo during 
embedding step. 
Decalcification improved histological features of 
the hard-lipped Barb and giant gourami larvae. The 
un-decalcified samples especially around the 
vertebrae and the base of the fins were easier to get 
crack than the decalcified one. The type of decalcifying 
solution and the duration of decalcification are varied. 
In our study, decalcification of giant gourami fry size 
of 34.5 mm using 5% Trichloroacetic acid for 36 hours 
was sufficient to produce good quality of the 
histological feature. Other researcher decalcified the 
tissue in 10% sodium-citrate/22.5% formic-acid pH 
2.5 for 24 hours and 0.5 M EDTA pH 7.8 for 7days 
(More et al., 2002) or 7% EDTA, 8–10% formic acid or 
8–10% formal-nitric acid (Prasad & Donoghue, 2013). 
A thorough dehydration and clearing are critical 
for paraffin embedding. Incomplete dehydration 
hinder infiltration since paraffin is not mixed well 
with water. Poor infiltration resulted in the tissue to 
crack during sectioning. Empty paraffin ribbon is one 
of the examples of improper infiltration. The duration 
of infiltration should also be carefully studied. If the 
length of infiltration is too short, the paraffin will not 
properly get into the tissue. On the other hand, if the 
duration is too long the tissue will become harden and 
difficult to be cut. 
A suitable embedding process will produce good 
histological feature when a proper staining procedure 
follows it. Removing paraffin from the tissue is critical 
before proceeding to the staining step. Un-thorough 
paraffin removal will prevent the staining solution 
entering the tissue section lead to a poor staining 
quality such as weak and spotty staining. Un-thorough 
paraffin removal will also reduce the clarity and detail 
of the tissue structure. Several steps including 
rehydration before staining, dehydration, and clearing 
after staining, also contribute to the quality of the 
histological features. Last but not least mounting the 
tissue sections with a mounting agent has to be 
conducted properly since too much solvent left on the 
tissue section stimulate bubble formation. On the 
other hand, when the tissues were left too dry it will 
result in black nucleoli appearance. 
C O N C L U S I O N  A N D  R E C O M M E N D A T I O N  
Any step in preparing histological section might 
contribute to the quality of histological features. A 
proper knowledge of the tissues beeing processed, 
fixative solution and the histological techniques is 
essential to gain good results. Decalcification is 
necessary to produce useful histological sections on 
the specimens containing bone. 
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